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Background of the Invention 

The present invention relates to chemical mechanical planarization (CMP) 
techniques and, more particularly, to the efficient, cost effective, and improved CMP 
operations. 

M* In the fabrication of semiconductor devices, there is a need to perform chemical 

0 mechanical planarization (CMP) operations. Typically, integrated circuit devices are in 

1 u 

% the form of multi-level structures. At the substrate level, transistor devices having 

m 

%A diffusion regions are formed. In subsequent levels, interconnect metallization lines are 

M* patterned and electrically connected to the transistor devices to define the desired 

* y functional device. As is well known, patterned conductive layers are insulated from other 

conductive layers by dielectric materials, such as silicon dioxide. As more metallization 
levels and associated dielectric layers are formed, the need to planarize the dielectric 
material grows. Without planarization, fabrication of further metallization layers 
becomes substantially more difficult due to the variations in the surface topography. In 
other applications, metallization line patterns are formed in the dielectric material, and 
then, metal CMP operations are performed to remove excess material. 

A chemical mechanical planarization (CMP) system is typically utilized to polish a 
wafer as described above. A CMP system typically includes system components for 
handling and polishing the surface of a wafer. Such components can be, for example, an 
orbital polishing pad, or a linear belt polishing pad. The pad itself is typically made of a 
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polyurethane material or polyurethane in conjunction with other materials such as, for 
example a stainless steel belt. In operation, the belt pad is put in motion and then a slurry 
material is applied and spread over the surface of the belt pad. Once the belt pad having 
slurry on it is moving at a desired rate, the wafer is lowered onto the surface of the belt 
pad. In this manner, wafer surface that is desired to be planarized is substantially 
smoothed, much like sandpaper may be used to sand wood. The wafer may then be 
cleaned in a wafer cleaning system. 

Figure 1A shows a linear polishing apparatus 10 which is typically utilized in a 
CMP system. The linear polishing apparatus 1 0 polishes away materials on a surface of a 
semiconductor wafer 16. The material being removed may be a substrate material of the 
wafer 16 or one or more layers formed on the wafer 16. Such a layer typically includes 
one or more of any type of material formed or present during a CMP process such as, for 
example, dielectric materials, silicon nitride, metals (e.g., aluminum and copper), metal 
alloys, semiconductor materials, etc. Typically, CMP may be utilized to polish the one or 
more of the layers on the wafer 16 to planarize a surface layer of the wafer 16. 

The linear polishing apparatus 10 utilizes a polishing belt 12, which moves 
linearly in respect to the surface of the wafer 16. The belt 12 is a continuous belt rotating 
about rollers (or spindles) 20. The rollers are typically driven by a motor so that the 
rotational motion of the rollers 20 causes the polishing belt 12 to be driven in a linear 
motion 22 with respect to the wafer 16. 

The wafer 16 is held by a wafer carrier 18. The wafer 16 is typically held in 
position by mechanical retaining ring and/or by vacuum. The wafer carrier positions the 
wafer atop the polishing belt 12 so that the surface of the wafer 16 comes in contact with 
a polishing surface of the polishing belt 12. 
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Figure IB shows a side view of the linear polishing apparatus 10. As discussed 
above in reference to Figure 1A 5 the wafer carrier 18 holds the wafer 16 in position over 
the polishing belt 12 while applying pressure to the polishing belt. The polishing belt 12 
is a continuous belt typically made up of a polymer material such as, for example, the IC 
1000 made by Rodel, Inc. layered upon a supporting layer. The polishing belt 12 is 
rotated by the rollers 20 which drives the polishing belt in the linear motion 22 with 
respect to the wafer 16. In one example, an air bearing platen 24 supports a section of the 
polishing belt under the region where the wafer 16 is applied. The platen 24 can then be 
used to apply air against the under surface of the supporting layer. The applied air thus 
forms a bearing that creates a polishing pressure on the underside of the polishing belt 12 
which is applied against the surface of the wafer 16. Unfortunately, because the polishing 
pressure produced by a typical air bearing with air holes interspersed uniformly 
throughout the platen typically cannot be controlled very well, the polishing pressure 
applied by the air bearing to different parts of the wafer 16 generally cannot be separately 
managed. Hence, conventional air bearings generally do not accurately control wafer 
polishing on the leading and trailing edges of the wafer 16. In addition, typical air 
bearing platens utilize a very large amount of air. For example in platens used to in 200 
mm wafer CMP operations as much as 100 SCFM of air may be utilized, and in 300 mm 
wafer CMP operations as much as 200 SCFM of air may be used. As a result, a large 
source of air must be utilized to be able to provide sufficient air to create the air bearing. 
Consequently, prior art air bearing platens have a problem of large air consumption. 

Therefore, there is a need for an apparatus that overcomes the problems of the 
prior art by having a platen that improves polishing pressure control and reduces the 
massive air consumption that typically occurs in prior art CMP systems. 
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Summary of the Invention 

Broadly speaking, the platen described herein fills these needs by providing an 
apparatus for independently controlling air pressure above various portions of the air 
bearing platen during CMP and at the same time reducing air consumption by utilizing 
porous materials in the platen. The method involves using an improved air bearing platen 
with strategically utilized air ports underneath porous materials to powerfully control air 
pressure pushing on certain regions of the polishing pad with greatly reduced air 
consumption compared to prior art platens. In this way, polishing pressure in different 
sections of a wafer may be separately controlled which in turn enables precise control of 
polishing pad deformation during polishing. In addition, the platen reduces problems 
with large air consumption. It should be appreciated that the present invention can be 
implemented in numerous ways, including as a process, an apparatus, a system, a device 
or a method. Several inventive embodiments of the present invention are described 
below. 

In a one embodiment, a platen for use in chemical mechanical planarization 
(CMP) systems includes a platen plate that has at least one recess defined therein. The 
at least one recess has an input port formed therein. A porous material is disposed in 
the at least one recess. The porous material has a porosity sufficient to restrict air flow 
therethrough so as to reduce an amount of air required for a CMP operation. 

In another embodiment, a platen plate has a recess defined in a central region of 
the platen plate and a plurality of recesses defined in a peripheral region of the platen 
plate. The recess in the central region and each of the plurality of recesses defined in the 
peripheral region have an input port therein. The recess defined in the central region and 
each of the plurality of recesses defined in the peripheral region have an annular shape. 
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The platen plate also includes a plurality of annular sections. One of the annular sections 
is disposed in the recess defined in the central region of the platen plate and the other of 
the annular sections are disposed in the plurality of recesses defined in the peripheral 
region of the platen plate. Each of the plurality of annular sections is comprised of 
porous material having a porosity sufficient to restrict air flow therethrough so as to 
reduce an amount of air required for a CMP operation. 

In yet another embodiment, a method for supplying air to an underside of a 
polishing belt in a chemical mechanical planarization (CMP) system includes providing a 
platen proximate to an underside of a polishing belt. At least a portion of the platen is 
formed of a porous material having a porosity sufficient to restrict air flow therethrough 
so as to reduce an amount of air required for a CMP operation. The method also includes 
flowing air through the porous material to the underside of the polishing belt. 

The advantages of the present invention are numerous. Most notably, by creating 
an apparatus that is configured to control air pressure applied by a platen to a polishing 
belt while at the same time dramatically reducing air consumption by the platen, various 
air output regions in certain parts of the platen may be managed together or separately. In 
this way, the polishing pressure applied by the polishing belt to certain areas of a wafer 
may be effectively managed thereby optimizing polishing belt profile during CMP 
operations. Such intelligent management of polishing pressure enables attainment of an 
optimal wafer polishing profile. In addition, the platen described herein includes a porous 
material configured to cover the various air output ports within the platen. By placing the 
porous material over the output regions, air does not flow freely through the porous 
material thereby decreasing air usage by the platen during the generation of an air bearing 
in a CMP process. But through consistent application of air pressure applied to the 
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porous material, air pressure desired to create the air bearing for wafer polishing may be 
attaned. Consequently, the present inventions enable optimal air bearing generation but 
also consumes much less air than conventional platens. 

It is to be understood that the foregoing general description and the following 
detailed description are exemplary and explanatory only and are not restrictive of the 
invention, as claimed. 



iU 



kef 
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Brief Description of the Drawings 



The accompanying drawings, which are incorporated in and constitute part of 
this specification, illustrate exemplary embodiments of the invention and together with 
the description serve to explain the principles of the invention. 

Figure 1A shows a linear polishing apparatus which is typically utilized in a 
CMP system. 

Figure IB shows a side view of the linear polishing apparatus. 

Figure 2A shows a CMP system according to one embodiment of the present 

Q 

pr. invention. 

fy 

,xj Figure 2B shows illustrates an overhead view of the CMP system showing the 

111 platen in positional relationship to the polishing belt in accordance with one 

? . embodiment of the present invention. 

nJ 

U\ Figure 3 shows a close-up overhead view of the platen in accordance with one 

Q embodiment of the present invention. 

Figure 4 shows a side view of a diametric slice of the platen as shown by 
Figure 3 in accordance with one embodiment of the present invention. 

Figure 5 shows a platen with an alternative air pressure region configuration in 
accordance with one embodiment of the present invention. 
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Detailed Description of the Invention 

Several exemplary embodiments of the invention will now be described in 
detail with reference to the accompanying drawings. Figure 1A and IB are discussed 
above in the "Background of the Invention" section. 

In summary, a platen for use in chemical mechanical planarization includes a 
platen plate with a plurality of recesses. A porous material is disposed over the 
recesses so optimal air pressure may be maintained on an underside of a polishing belt 
during CMP operations without consumption of large amounts of air. The porous 
material has a porosity sufficient to restrict air flow through it so as to reduce air usage 
for CMP operations. Therefore, the polishing pressure on wafers may be optimized 
and air consumption is dramatically reduced. 

It should be understood that the platen described herein may be utilized to 
optimize air usage and to generate optimal air pressure on any suitable polishing pad 
structure such as, for example, a linear polishing belt. The platen may also be utilized to 
optimize wafer polishing operations involving any suitable size or type of wafers such as, 
for example, 200 mm semiconductor wafers, 300 mm semiconductor wafers, etc. The 
platen therefore enables optimized, more efficient, and more consistent wafer polishing 
operations in any suitable type of CMP apparatus. 

Figure 2 A shows a CMP system 100 according to one embodiment of the present 
invention. A polishing head 108 may be used to secure and hold the wafer 104 in place 
during wafer polishing operations. A polishing belt 102 forms a continuous loop around 
rotating drums 112a and 112b. It should be appreciated that the polishing belt 102 may 
be any suitable type of structure such as, for example, a single layer polishing pad, a 
polishing pad supported by a stainless steel layer, a multilayer polishing structure (e.g., a 
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polishing pad over a cushioning layer which is in turn over a stainless steel layer). The 
polishing belt 102, in one embodiment, is a single layer polyurethane polishing pad 
utilized in linear CMP systems. The polishing belt 102 generally rotates in a direction 
indicated by a direction 106 at a speed of about 400 feet per minute. Although, this speed 
does vary depending upon the specific CMP operation. As the belt rotates, polishing 
slurry may be applied and spread over the surface of the polishing belt 102. A leading 
edge 104a and a trailing edge 104b of the wafer 104 are shown. The leading edge 104a is 
a section of the wafer that encounters the polishing belt 102 before the trailing edge 104b 
as the polishing belt rotates in direction 106. 

The polishing head 108 may then be used to lower the wafer 104 onto the surface 
of the rotating polishing belt 102. A platen 1 10 may support the polishing belt 102 during 
the polishing process. The platen 110 may utilize any type of bearing such as an air 
bearing. Air pressure from an air source 114 is inputted into the platen 110 by way of 
independently controlled air outputs that may be utilized to apply air pressure to an 
underside of the polishing belt 102 to control the polishing pad profile. The platen 110 
may be any size that would enable optimal wafer processing operations. In this manner, 
the surface of the wafer 104 that is desired to be planarized is substantially smoothed in 
an even manner. 

In some cases, the CMP operation is used to planarize materials such as copper (or 
other metals), and in other cases, it may be used to remove layers of dielectric or 
combinations of dielectric and copper. The rate of planarization may be changed by 
adjusting the polishing pressure. The polishing rate is generally proportional to the 
amount of polishing pressure applied to the polishing pad against the platen 110. As 
shown in Figure 3, the platen 110 uses air as a bearing; however it should be understood 
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that any other suitable type of fluid or gas may be utilized by the platen 1 10 to form the 
bearing between the platen 110 and the polishing belt 102. The air pressure applied by 
the platen 110 to the polishing belt 102 may also affect the polishing rate of the wafer 
104. In one embodiment, a plurality of air pressure regions are generated by a plurality of 
recesses (shown in Figure 4) of the platen 110 which may be utilized to output air and 
adjust the polishing belt profile during CMP operations to provide optimal and consistent 
wafer polishing. As described in further detail in reference to Figure 3, a section formed 
of a porous material is disposed in each of the plurality of recesses to reduce air 
consumption during air pressure generation. After the desired amount of material is 
removed from the surface of the wafer 104, the polishing head 108 may be used to raise 
the wafer 104 off of the polishing belt 102. The wafer 104 is then ready to proceed to a 
wafer cleaning system. 

Figure 2B illustrates an overhead view of the CMP system 100 showing the platen 
110 in positional relationship to the polishing belt 102 in accordance with one 
embodiment of the present invention. In this embodiment, the platen 110 includes a 
platen plate 208 where an air pressure region 204 is located. The air pressure region 204 
may emit air to generate an air bearing between the platen 110 and the polishing belt 102. 
The air bearing provides pressure on the underside of the polishing belt 102 during CMP 
operations. The air pressure region 204 may be one uniform pressure region or may 
include any number or configuration of air pressure subregions. In one embodiment, the 
air pressure region 204 includes a peripheral region 204a and a center region 204b. The 
peripheral region 204a is a circular area configured to provide air pressure to a portion of 
the polishing belt 102 that polishes an outer radial section of the wafer. A central region 
204b is an area located near the center of the air pressure region 204 and has a smaller 
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circumference than the peripheral region 204a. The central region 204b is configured to 
provide air pressure to a portion of the polishing belt 102 that polishes a center portion of 
the wafer. It should be appreciated that the platen 110 may be any size that would enable 
optimal wafer processing operations. In one embodiment, a circumference of the 
peripheral region 204a of the platen 1 10 is larger than the circumference of the wafer 104 
being polished. Therefore, in this embodiment, the peripheral region 204a surrounds an 
area larger than the area occupied by the wafer 104. In this way, the platen 110 may 
better control polishing pressure of the leading edge 104a and the trailing edge 104b of 

y* the wafer 104. The configuration of the platen 110 with the air pressure region 204 is 

O 

O described in further detail in reference to Figures 3-5. 

ru 

^ Figure 3 shows a close-up overhead view of the platen 1 1 0 in accordance with one 

Ui 

%j embodiment of the present invention. In this embodiment, the peripheral region 204a 

includes different annular subregions that include varying sizes of concentric air pressure 

§y 

"J regions. It should be appreciated that the peripheral region 204a, as well as the central 

If 

\t region 204b, may have any number of subregions such as, for example, 2, 3, 4, 5, 6, 7, 8, 

9, 10, etc. It should also be understood that the peripheral region 204a and the central 
region 204 may have any type of subregions such as, for example, circular subregions, 
seimicircular subregions, etc. In one embodiment, the peripheral region 204a has 6 
subregions including annular subregions 204a- 1, 204a-2, 204a-3, 204a-4, 204a-5, and 
204a-6, and the central region 204b has one region with no subregions. Each of the 
subregions may be separately controlled so that the air flow rate through the separate 
subregions may be varied to optimize the CMP operation. By individually controlling the 
air flow rates through the separate subregions, variations in pressure can be generated at 
different diameters on the wafer. Thus, the plurality of subregions within the peripheral 
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region 204a and the central region 204b therefore allow fine tuning of the pressure 
applied on different areas of the polishing belt 102. This pressure variation may be used 
to vary the polishing rates of different parts of a wafer because, as is well known in those 
skilled in the art, the amount of polishing that occurs on a portion of a wafer is a function 
of the pressure being applied on the corresponding portion of the belt. Therefore, more or 
less subregions may be utilized depending the polishing profile requirements. It should 
also be appreciated that none, one, or more air pressure subregions may have a larger 
circumference than a wafer being polished. 

Figure 4 shows a side view of a diametric slice of the platen 102 as shown in 
Figure 3 in accordance with one embodiment of the present invention. The platen 
includes a platen plate 208, mounting plate 228, and a platen cover 222. In this 
embodiment, annular recesses 206a, 206b, 206c, 206d, 206e, 206f, and 206g that are 
capable of outputting air are defined within the platen plate 208. It should be understood 
that any number or configuration of recesses that may output air can be utilized 
depending on the configuration and number of air pressure regions desired. For example, 
in another embodiment the recesses may be semicircular instead of annular, or in yet 
another embodiment, both annular and semicircular shaped recesses may be used. The 
annular recesses 206a, 206b, 206c, 206d, 206e, and 206f are configured to receive air 
from at least one air input port formed therein and to supply annular subregions 204a- 1, 
204a-2, 204a-3, 204a-4, 204a-5, and 204a-6 respectively with air so 6 distinct regions of 
air pressure may be created over the peripheral region 204a. The annular recess 206g is 
configured to supply air to a central portion of the platen so air pressure may be created 
over the central region 204b. The platen plate 208 may optionally include an end point 
detection hole 224 which may be utilized for CMP end point detection operations. In 
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addition, an air/water pre-wet line 230 is defined to form circle through the inside of the 
platen plate. The air/water pre-wet line 230 may have an output to a surface of the platen 
plate 208. By injecting water through the line 230, the surface of the platen plate 208 
may be wetted before commencing CMP operations. 

The platen plate 208 is configured to be attached onto the mounting plate 228. 
The mounting plate 228 is configured to receive air from an air supply 114 (as shown in 
Figure 2A) through mounting plate air inputs 232 and to provide the air to the annular 
recesses 206a, 206b, 206c, 206d, 206e, 206f, and 206g within the platen plate 208. The 
platen cover 222 may couple the outside edges of the platen plate 208 and the mounting 
plate 228 together to keep the platen plate 208 and the mounting plate 228 as a cohesive 
unit. 

It should be appreciated that a plurality of annular sections may be disposed in a 
plurality of recesses. In one embodiment, annular sections 220a, 220b, 220c, 220d, 220e, 
220f, and 220g of the porous material are disposed in the annular recesses 206a, 206b, 
206c, 206d, 206e, 206f, and 206g respectively. The annular sections 220a, 220b, 220c, 
220d, 220e, 220f, and 220g may be disposed in the recesses 206a, 206b, 206c, 206d, 
206e, 206f, and 206g in any way that would ensure a secure structure. The annular 
sections 220a, 220b, 220c, 220d, 220e, 220f, and 220g may be made from any suitable 
material that can be formulated to have a porosity sufficient to restrict air flow 
therethreough so as to reduce an amount of air required for a CMP operation. Exemplary 
materials that can be formulated to have a porosity sufficient to provide the desired air 
flow for CMP operations include, for example, ceramic materials, aluminum-based 
materials, nickel-based materials (e.g., Inconel®), stainless steel, and titanium-based 
materials. For the air flow rates typically associated with CMP operations (e.g. between 
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about 5 psi to about 90 psi), the porous materials may have a pore size of between about 
10 microns to about 100 microns, and preferably between about 25 microns and about 45 
microns. In one embodiment, the porous material has a pore size of about 35 microns. 
Those skilled in the art are familiar with suitable techniques for forming porous materials 
having a desired porosity and pore size. 

Therefore, in operation, air is inputted through inputs 232 and channeled through 
the mounting plate 228 to air input ports feeding the annular recesses 206a, 206b, 206c, 
206d, 206e, 206f, and 206g. The air pressure then forces air through the porous material 
M* that make up the annular sections 220a, 220b, 220c, 220d, 220e, 220f, and 220g. Because 

air movement is restricted through the porous material, the volume of air traveling 

through the platen 110 in a certain period of time is much less than with conventional 

Jl 

SI platens. It is believed that the platen described herein will reduce air consumption as 



8 
mi 
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m 



compared to conventional platens by at least one half. This enables generation of air 
pressure regions as described in Figure 3 without using substantial amounts of air. By 
reducing air consumption, the cost of CMP operations may be significantly reduced. 

Figure 5 shows a platen 110' with an alternative air pressure region configuration 
in accordance with one embodiment of the present invention. It should be understood 
that air outputs as described herein are recesses defined in the platen with the porous 
material as described in reference to Figure 4. In this embodiment, the platen 110' is 
segregated into 4 major platen regions 110'a, 110'b, 110'c, 110'd controlling polishing 
pressure applied to 8 different parts of the wafer 104. The region 110'b includes 5 radial 
rows of a plurality of air outputs to control polishing pressure. The term radial rows as 
utilized herein are semicircular rows that are perpendicular to the radius from the center 
of the platen 110'. The region 1 10'c includes 5 radial rows of a plurality of air outputs. It 
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should be understood that although the embodiments described herein do not separately 
control the regions 110'b and 110'c, the platen described herein may control each of the 
regions HOa-d separately. In one embodiment, each of the separately controllable 
regions such as the regions 110'a-d may be designed to communicate independent air 
flows through the separately controllable regions to the underside of the linear polishing 
pad to intelligently control polishing pressure. In another embodiment, the region 110'a 
and the region 1 10'd may be independently controlled and designed to output a controlled 
air flow. 

The platen region 110'a includes three subregions each containing a plurality of 
air outputs. Subregion HOa'-l and subregion 110a'-2 each includes one radial row of a 
plurality of air outputs while subregion 110a'-3 include 3 radial rows of a plurality of air 
outputs. By dividing the platen region 110'a into three subregions each containing a 
plurality of outputs, the platen region 110'a may intelligently, accurately, and precisely 
control polishing pressure on various portions of the wafer 104. In addition, because of 
the advantageous effects of applying more minute control of the outermost edges of the 
wafers, having single controllable radial rows of the subregions HOa'-l and 110a' -2 
enables more accurate management of polishing pressure to an area that may provide a 
significant planarization improvement while polishing in the area of pad deformities. 

The platen region 110'd includes three subregions each containing a plurality of 
air outputs. Subregions 110'd-l and 110'd-2 each includes one radial row of a plurality 
of air outputs while subregion 110'd-3 may include 3 radial rows of a plurality of air 
outputs. The three subregions 110'd-l, 110'd-2, and 110'd-3 each contains air outputs 
which enables the platen region HOd to intelligently and accurately control polishing 
pressure on various portions of the wafer 104. Furthermore, having single controllable 
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radial rows of the subregions 110a' and 110a" enables more accurate management of 
polishing pressure on the trailing edge of the wafer 104 which, due to polishing pad 
deformities, may require a higher control of polishing pressure management. All of the 
subregions within the regions 1 10'a, 1 10'b, 1 10'c, and 1 10'd include air outputs to enable 
reduced air consumption during wafer processing. 

A center region 110'e containing a circular plurality of air outputs may also be 
utilized to control the polishing pressures and the resulting polishing dynamics of the 
wafer 104. The center region 110'e includes the circular plurality of air to substantially 
reduce air use during CMP operations. Consequently, the platen with the porous 
materials may control air pressure and the resultant polishing pressure by varying and 
adjusting air pressure in any, some, or all of the regions and subregions of the platen 
while using much less air than conventional apparatuses. 

The invention has been described herein in terms of several exemplary 
embodiments. Other embodiments of the invention will be apparent to those skilled in 
the art from consideration of the specification and practice of the invention. For 
example, the entire platen may be made from the porous material. The embodiments 
and preferred features described above should be considered exemplary, with the 
invention being defined by the appended claims. 
What is claimed is: 
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